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Abstract 
A moving-least square mesh-free method that is based on the first-order shear deformation theory (FSDT) is introduced 
to investigate multi-panel plate structures under different loadings and boundary conditions. The structures are regarded 
as assemblies of flat panels that lie in different planes. The governing equations of the flat panels are given by the 
moving-least square approximation and the FSDT. A treatment is implemented to modify the equations, and the 
equations are then superposed to obtain the governing equation of the entire structure. Unlike the finite element 
methods, no mesh is required in determining the governing equations for the flat panels, which means time-consuming 
remeshing is entirely avoided for future study on the large deformation problems of the structures. To demonstrate the 
accuracy of the method, several numerical examples are calculated. Good agreement is observed between the results 
given by the proposed method and the commercial finite element software ANSYS. 
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1. Introduction 
Multi-panel plates or folded plates are very popular structures in engineering. They are light, economical 
and easy to form, and they have been applied in many structures, such as roofs, sandwich plate cores, and 
cooling towers. The wide application of the structures has generated much research on their static behaviour. 
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In early study of multi-panel plates, researchers employed the beam theory and the theory that ignores 
relative joint displacement. The disadvantage of these two theories is that they do not give a satisfactory 
solution for general multi-panel plate problems. Researchers such as Gaafar [1], Yitzhaki[2], Yizhaki and 
Reiss [3], and Whitney et al. [4] found that methods that considered the relative joint displacement gave 
more precise solutions. Bandyopadhyay and Laad [5] reviewed some of the approximate and rigorous 
methods for the structures that had been introduced by other researchers. 
The development of computation techniques and computers has aroused research interest in numerical 
methods for multi-panel plates. Among the methods, the FEMs (Liu et al. [6], Duan and Miyamoto [7]) are 
the most remarkable and have been the most successful. Nevertheless, FEMs also have their disadvantages. 
They base the solution to a problem on meshes, and require the mesh-lines to coincide with the 
discontinuities on the problem domain. Thus, when dealing with moving discontinuity problems, such as 
large deformation and phase transformation, remeshing is inevitable. This leads to more complex 
programming, a longer computation time and a lower accuracy of the solution. Some powerful tools have 
emerged as alternatives to FEMs. These methods are known as mesh-free, element-free, or meshless 
methods [8-16]. Unlike the FEMs, the mesh-free methods construct the solution to a problem entirely on the 
points that discritise the problem domain, and no mesh or any other interrelationship between the points is 
required. They are more flexible. 
The objective of this paper is to introduce a moving-least square mesh-free method based on the first-
order shear deformation theory (FSDT) [17] for the static analysis of multi-panel plates. Firstly, we derive 
the stiffness equation of the panels that make up a multi-panel plate by the moving-least square 
approximation. Secondly, we modified the equations, and superpose them to obtain the global stiffness 
equation for the entire structure. Some numerical examples are used to demonstrate the accuracy of the 
proposed method. The calculated results are compared with the results from ANSYS.  
1. Theoretical Formulations 
The mesh-free model of a panel in local coordinates, is shown in Fig. 1. The degree of freedom (DOF) of 
every node of the panel is (u0, v0, w, Mx, My), where u0, v0, w are the translations along the x, y, and z 
directions, and Mx, My are the rotations about the y and x axes, respectively. 
 
 
 
 
 
Fig. 1. mesh-free model of a panel 
1.1. The stiffness equation of the panel in local coordinates 
According to the moving-least square approximation (MLS) [8] and the FSDT [17], the displacements of 
the panel can be approximated by 
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where [u0I, v0I, wI, MxI, MyI]T= įI are the nodal parameters of the panel and n is the number of nodes of the 
panel. Here, Mx and My are independent of the deflection w, and are not the derivatives of the deflection w. 
The shape functions NI(x,y) are derived from MLS. 
The potential energy of the panel is 
fįKįį TT
2
1  3 ,                                                                                                                      (2) 
where ^ `T1 2, , , n į į į į , K is the same as that in Ref. [15] and f is the external forces applied to the 
panel. Invoking G3 = 0 results in the following linear system of G 
  fKį  .                                                                                                                                          (3) 
1.2. Formulation For Multi-panel  Plates 
After we obtain the stiffness equations of the panels that build up a multi-panel plate, the next step is to 
superpose them to implement the displacement compatibility conditions and obtain the stiffness equation of 
the entire structure. However, there is still one difficulty. Due to a lack of Kronecker delta properties in the 
shape functions obtained from MLS, the unknowns of the stiffness equation (3) are nodal parameters other 
than nodal displacements. Therefore, the displacement compatibility conditions among the panels cannot be 
implemented directly, and the stiffness equations of  the panels cannot be supposed directly, as well. Here 
we employ the full transformation method that Chen et al. [9] introduced to modify the stiffness equations 
before supposition.  
According to MLS [8] , nodal displacements can be expressed as 
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where uI are nodal parameters  and 
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. Ni(x) are the shape 
functions. From Eq. (4), we can obtain an equation which expresses the nodal parameters in terms of the 
nodal displacements: 
1  u = ĳ u Tu .                                                                                                                               (5)  
Therefore, the modified stiffness equation of panel is 
fįK  ,                                                                                                                                            (6) 
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where TK = T KT , Tf = T f  and į  are the nodal displacements of the panel. 
Before superposition, the modified stiffness matrices K and f  in local coordinates must be transformed 
to a global coordinate. The same coordinate transformation and superposition processes as those in Ref. [15] 
are employed here and the final linear system of the entire multi-panel plate is obtained as 
GGG fįK                                                                                                                                        (7) 
2. Results and Discussion 
2.1. A multi-panel plate that is built up by two panels 
A multi-panel plate that is made up by two identical square panels is studied (Fig. 2, T = 90q). Both two 
panels are subjected to a uniformly distributed load (q = 10 Pa), which is applied vertically to the panel. 
The plate is clamped at side c and d. Young¶s modulus and Poisson¶s ratio are E = 3e7 Pa and P = 0.3, 
respectively.  
      
Fig. 2. a two-panel plate. 
The deflections along x =1 m of panel A, computed by the proposed method, are shown in Fig. 3, 
compared with the deflections calculated by ANSYS (SHELL 181 element, 3,321 nodes). The mesh-free 
scheme is 17 u 17 nodes for every panel. The results of the two methods are very close. 
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Fig. 3. deflection along x = 1m of panel A. 
2.2. A box structure that is built up by six panels 
A box structure that is built up by six identical square panels is studied (Fig. 4). The thickness of each 
panel is 0.05 m. Young¶s modulus is E = 3e7 Pa and Poisson¶s ratio is P = 0.3. A concentrated load P = 0.1 
N is applied vertically on the center of panel A (at point (1, 1, 0)). The box structure is pinned at all eight 
corner points (all DOFs except the rotations of these points are set to zero). This example has been solved 
by the proposed method and ANSYS (SHELL 63 element, 2583 nodes). The deflections along z=-1m and x 
=1 m of panel B are shown in Fig 5. 
 
Fig. 4. a box structure that is built up by six identical square panels. 
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Fig. 5. (a) deflection along z=-1 m of panel B; (b) deflection along x=1 m of panel B. 
3. Conclusions 
This paper has proposed a moving-least square mesh-free method that is based on the first-order shear 
deformation theory for the static analysis of multi-panel plates. The multi-panel plates are considered as 
assemblies of panels. The global stiffness equation of the multi-panel plate is formed by superposing the 
stiffness equations of the panels that are established from the MLS approximation. Two examples are 
employed to demonstrate the accuracy of the proposed method. The results show good agreement with 
solutions from ANSYS. 
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